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(54) Multiplication circuit using col- 
umn compression 

(57) A high speed parallel operation, 
multiplication circuit has multiplier mul- 
tiplexor components 101-104, column 
compressor componentsll 1-1 18, and 
aritlimetic units 120-123 which perform 
addition operations to provide a resul- 
tant product. The multiplier multiplexor 
components 101-104 may be im- 
plemented using a modified Booth's 
algorithm and generate, in parallel, an 
array of partial products In a single 
operation time, and the column com- 
pressor components 111-118 operate to 
process every column within a single 
operation time whereby every input 
creates an output in essentially the 
same propagation time, i.e., true para- 
llel operation requiring preferably no 
more than an average column propaga- 
tion delay time. 
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SPECIFICATION 

Multiplication scheme using column compressors 
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5 'f^sZ"elnrZ^^^^^^ '''^ita. data processing systems and more particu.ar.y 

for an arithmetic device for performing [''a^X'l'S"!; many c^^^ devices is of prime consideration. 
The speed at which calculations may be Performed 'n ^a"y ^°^P^ 9 purposes, typically requiring a 

same time. arithmetic devices is more complicated than addition, the speed 

one partial product for each bit of the -^"'^ ^"'^ serially and were quite time consuming, 
multiplier.Theseshiftoperat.onsweren^^^^^ , ' 20 

involving a delay time which was °; '^^^^^ ^eros or ones. However, such improvements have 

20 niultiplication schenne have '"^'^^/^J^y ^1^,^ J^^^^^^ invention. ^ ■ ^ 

not yielded a multiplier having the speed "^f^ """f^^^^ earlier computing devices. These schemes 

Other multiplication schemes have logic need only perform two 

have wherein the two operands ^^ZZ J^nn-andl°^^^^^ binary multiplication wherein a continuous 
squaring functions followed by a ^^^^f/* °"' ^"^^^^^^^^ multiplication was performed on each 

25 stream of operands was fed into ^ P^J^^^'^^J^^^^^^^^^ stream of products resulted. Neither 

pair of operands on successive operational eye essc^^tnaia^ speed required of the subject invention. 

Sf these schemes, however provided a ^^^^f'^^'^'^^^ ¥Sue," Quart. J Mich., Appl. Math. Vol. 4, Part 

A.D. Booth published "A Signed Binary M^^^^^^^^^ 
2. 1951, which has become known as Algorjt^^^^^^ provides for a uniform shift method which 

30 faster multipliers than previously avaHable ^o°th s ^QorU^^^ ^^^^^^^ ^^,^.p,^ ^^.^^ 

' wE«rsSS^?nov,,ho«»,.ri..nev.n,as»r..u,«p.l<».loncl,a^ 45 
. .. . .„„„„id. a bin.rvniulllpllcalloii circuit for use Ira digital data procMsino 

a,Mrh'iC«arBr,rAr,':r^^^^^^^^^ . 

multiplication. ^ - -jrcuit having true parallel operation of the column 

.0 „rrrs:i«rj.'=rrrr^^^^^^^^^^ 

"roSCrv^oKirrnttoprovjdcauc.^^^^^^^^^^ 

ntrrcS"rrnrtKTo%';;^:.nsrc=s^ « 

55 monolithic, large scale, integrated circuitry. 

Summary of the Invention ,^us„„„ri a hioh speed, parallel operation, multiplication circuit 

The objectives of this invention are achieved in a ^^j^^ g^je, integrated circuitry, 

which miy be implemented in current J°9.%^^^^^^ from multiples of the «> 

^^^ItSSrnS^^^^^ 

operand. ^ rtial products to compress the initial array into 

65 A column compressor may operate upon the array ot paro.i w 
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successively smaller arrays, reducing the number of rows until only two rows remain. Compression may be 
achieved for each column, and concurrently with the other columns. 
A carry-look ahead adder may operate upon the remaining two rows to provide the complete product. 

5 Description of the Drawings 

The advantages, principles of operation and special features of this invention may be readily understood 
from a reading of the following detailed description of the Invention in conjunction with the accompanying 
drawings in which like numerals refer to like elements and in which: 
Figure 1 is a circuit diagram of an 8 bit x 8 bit multiplication circuit embodying the invention. 
10 Figure 2 presents a circuit diagram of a single multiplication multiplexor shown in broken representation 
as to duplication of identical elements, a plurality of which multiplication multiplexors are found in the circuit 

of Figure 1. u- u 

Figures 3, 3A and 38 comprise a circuit diagram of a single column compressor, a plurality of which 

column compressors are found in the circuit of Figure 1 . 

15 



10 



15 



Detailed Description of the Invention ^ t • 

A high-speed binary multiplication circuit is implemented in median scale integration current mode logic. 
An unsigned integer multiplication circuit. Figure 1, for handling an eight bit multiplier 108 and an eight bit 
binary multiplicand 106 is implemented on two I.C. chips. The multiplication scheme of this invention 
20 operates to obtain a final product 1 10 in essentially two operations. In the first operation, a set of addends is 
obtained, being the partial products of the eight bit multiplier 108 and the eight bit multiplicand 106. In the 
second operation the set of addends is reduced to a sum equaling the final product 110. Product 1 10 is a 
sixteen bit binary number. . . x 

The numerical partial product set (matrix array) is generated in a partial product array comprising tour 
25 identical multiplier multiplexor components 101, 102, 103, 104of a type available from Burroughs 

Corporation, part number ECML-2M31 . Figure 1 shows the partial product array operating upon eight bit 
multiplicand 106 represented by Xo through X7, wherein Xq is the least significant bit; and an eight bit 
multiplier 108 represented by Yq through Y7, wherein Yo is the least significant bit. 

Each of the multiplier multiplexors 101, 102, 103, 104 generates two-times, one-times, or zero-times the 
multiplicand 106, in true or complemented form corresponding to the value of the particular three bits of 
multiplier 108 or its inputs "Y-1," "YO" and "Yl" inputs. The additional input "P" controls the 
complementation of the multiplicand 106 so that each multiplier multiplexor (MM) 101, 102, 103 and 104 may 
work in either the positive (where "P" input = 0) or negative ("P" = 1 ) logic. The Truth Table I below defines 

the output (as labeled Pq, Pi P8)from each of the multiplier multiplexors 101, 102, 103 and 104for or given 

input signals on its "Y-1," YO" and "Yl" input terminals. 
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TABLE I 



"Yl' 



"YO" 



"Y-r 



40 

1 
1 

45 

1 
0 
0 
0 

50 0 



1 
1 
0 
0 

1 
1 

0 
0 



1 

0 

1 
1 
1 

0 

1 

0 



"Pi" 

"P"=0 

1 

%-^ 

Xi 
X, 
0 



"P"=1 
1 

Xi 
Xi 

Xi_i 
0 



P=0 

1 

% 
X7 
X7 
X7 
0 



P=1 
1 

X7 
X7 

2S? 
X7 

X7 
0 



40 



45 



50 



55 



60 



65 



WHERE: 

Pi = (P©)ajYlY0Y-1 4-Y1 Y0Y^) + (Pi@Xm) YlYOY-1 
+ (PQXil^YlVoY^ + (POXi) (YIYWI + YIYOV-I) 
+ Y1Y0Y-1 

Pa = {P0X7) (Y1Y0Y-1 + YIYOY^ +JY1Y0Y-1) + (P0X7) 
( Yl Y0Y=T + YI'TOV- 1 + Yl YOY- 1 ) + Yl YOY- 1 



55 



60 



and where 0<i<7. - 1. ... .> • 

Looking to the partial product array (MM 101-104) interconnection. Figure 1, each multiplier multiplexor 
101, 102, 103, 104 is connected for operating in parallel and has its "Xo" input terminal connected in common 
to the Xo bit of the multiplicand 106; its "Xi" input terminal connected in common to the X, bit of the ^ 
multiplicand 106; its "X2" input terminal connected in common to the X2 bit of the multiplicand 106; its X3 55 
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B"X," Input terminal connected In common to the X, bit of the ™ M'f ■ , 5 

of the multiplier. ♦ ^ „ro.mri its "Y-1" inout connected to the Y, bit of the multiplier 

MM 102 has its "X-1" input connected 9^°""^' S, J . Jg '"51; °Y1" input connected to the Ya bit of 
106, its "YO" input connected totheYz bit ofthe multiplier 108 and Its Yl inpuiconnecie 

10 the multiplier 108. ^♦„„,„..„Hite"Y-1"inDutconnectedtotheY3bitofthemultiplier 
MM 103 has its -a-r' input connected to ground te 

108,its"Y0"inputconnectedtotheY4bitofthemultiplieriU8anaiis in^ 

the multiplier 108. nmimH and its "Y-1" input connected to the Yg bit, of the 

column compressor components 11 . ^ 1 13J 14 1^^^^^^^^^^ compressors (CO 

"s!^." "320," "DS," "DC," "LS," and "EC/' _ i08 and its "C/' input connected to the Pq output 

CC11 1 has its "Co" input connected to £ 01. CC 1 11 has its "S^e" input 25 

25 of MM 1 01 , while its "D/' input .s connected to the P, °";P"*,J ^.^^^'i, ^f CC 1 1 2. CC 1 1 2 in turn has its 
connected to ground, and its "S«," output ^""^^f ^° ^^^3 .f^J^ut 's connected to the "S«" input of 
"S2d" output connected to the "S^b' mput of CC -J ^ of CC 1 1 5, CC 1 15 has its "S20" 

CC?14. Likewise CC 114 has its "Sao" °"tp"«^^^^^^^ J/.-g^ ^ oupu co-e'^ted to the "S^b" input of CC 

output connected to the "S^b" mput of CC 1 16, CC 1 16 has '^s =.20 P 30 

30 117%nd CC 117 has its "S2B" output conne^ed^^^^^^^^ 

cre:s«J'^iSp--^^ 

35 "Soc" output of CC 1 1 2 is connected to the "Soe '"^ ' ,:e"r 1 08 while "C," input is connected to the Po 
-f^e "Co" input of CC 1 12 is connected to he Y3 bit of -J" 'J,^^7oi^Se "d " input is connected to the P, 
output of MM 102, the "C3" input is connected to ^^e^P^ output MM 1 oj. ^ ^ 

output of MM 102. and the "D3" input iV^^^P^iXnoS while the "Co" input is connected to 

The "Co" input of CC 1 13 is connected to the bjt of muJt'P''«J^J«'JJ^^ • , connected 40 

40 thePoOutputofMM103.the"CV' input isconnectedtotheP^outp^^^^^^^ 

'° totheP.outputof MM ^^lll^P^y,^^^^^^^^^^ 101- ^ „^ „ 

connected to the P3 output of MM 102. ^"J**^^.,^^'"'?,^^" input is tied to the Po output of MM 104. the "C," 

output of MM 101. ^^^KAtmtnA whi le the "Ci" input is connected to the P4 

iSe "Co" input of CC 1 1 5 is tied to the Pa output of 1^1^ 1^^^^^ 

output of MM 103. the "C," input is ~""«<^»«^ *° i"^^,^* J^putS^ 104. the "D^" input is connectedto 50 

-r-sr-r^ut^rccT^^^^ 

MM 103. the "C3" input is tied to the Ps output of MM 102. he C» "P ^ „^ 103. the "D3" 55 

55 the "Do" input is tied to the Ps output of MM 104. the D2 «npux IS u 

input is tied to the Pa output of MM 101 . „^ ,. . ^ jg Pg output of 

The "Co" input of CC 1 1 7 is tied to the P« °" P^^^'^^J^'Sie "S'-.n^^^^ is connected to the Ps output of MM 
MM 103. the "C2" input is tied is connected to the Ps output of 

eoMM'mtS;"K^^ '° 

output of MM 101- .. ♦^Ht^thoP outDut of MM 104. while the "Co" input is connected to the 

Po output of MM 101 . 1 1 1 -118 are connected to four identical arithmetic logic units 65 

65 The output from the column compressors 111-118 are connecie 
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120 121 1 22 and 123 connected to operate in parallel. Each of the arithmetic logic units (ALU) 120-123 
oerforms a simple addition operation. The ALU's 120O 23 are commonly available and herein a type 

manufactured by Burroughs Corporation as identified by part number BCML-2M03. Each have .rjputs labeled 
"A " "Bn " "At " "Bi " "A2 " "B2," and "Ci," while having outputs labeled So, Si, Sz, ba, ana 

5 The outputs of ihe ALU's 1 20-1 23 connected in parallel define the bits of the 16-bit product 1 10 which Is the 5 
final product out of the multiplier. j * • i- s*.,^* 

ALU 120 is shown in Figure 1 as being connected as a carry ripple adder. This was done for simplicity of 
representation. However, in the principal embodiment ALU 120 Isconnected ^ "'''V-'ook-ahead adder 
with special carry look generator. ALU 120, Figure 1. has its "C," input connected to ground te Bo .nput 

, « connected to the "Soc" output of CC 11 1 . its "B," input connected to the "DS" output of CC 1 11, its A2 1 q 

input conneLd to thV''DC' output of CCIIl.the' 

"A3" input connected to the "EC" output of CC 1 1 1 . and "83" input connected to the ''DS'' output of CC 1 12. 

The "Co" output of ALU 1 20 is connected to the ''C/' input of ALU 121 , as is the ''Co" outp^^^^^^^ 
connected to the "C,"lnput of ALU 122, and the ''Co" output of ALU 122 connectedto the ''Ci" input of ALU 

^ ^ ^^The "A„" input of ALU 121 is connected to the "DC" output of CC 1 12, while the "Bo" input is conriected to 
the "ES" output of CC 1 1 2, the "A," input is connected to the "EC" output of CC 1 1 2 the ''Bt „ 
connected to the "DS" output of CC 1 1 3. the "A^" input is connected to the "DC' output o CC 1 13. the B, 
input is connected to the "ES" output of CC 1 13, the "A3" input is connected to the EC output of CC 1 13. 
andthe"B3"inputisconnectedtothe"DS"outputofCC114. 20 

^° The"An'Mnput of ALU 122 is connected to the "DC-' output ofCC114,whilethe''Bo".np^^^^^^^ 

the "ES" output of CC 1 14, the "A," input is connected to the "EC" output of CC 1 1 4. the "fi" <nput is 

connecteSS'the "DS" output of CC 115, the "A3" input isconnected to '^^l';^^y'^^^''o^^^^^^^^ 

input is connected to the "ES" output of CC 115, the "A3" input IS connected to the EC outputof CC 115. 

^= and the "B3" input is connected to the "DS" output of ecu 6. 25 
As for ALU 123. its "Ao" input is connected to the "DC" output of CC 116, while its 'Bo'' inprnt is connected 
toVhe "ES'' output ofCC116; the ''A,'' input is conn ^ 
connected to^he "DS" output of CC 1 17. the "A." input is connected to the "DC" output of CC 1 17. ''B£ input 
^connected to the "ES"outputof CC 117."A3" inputis connected to the "EC" output of CG1 17, andthe 
"R«" innut is tied to the "DS" output of CC 118, 

3° Vfrnal prX^ 110 contalnsSxteen bits labele 

bit of the product 110. The "S," outputof ALU 120 is the P, bit of the product 110. The "S^^outputand S3 
output of ALU 1 20 are the and bits of the product 1 10 respectively. The po, Si. Sa, and S3 
outputs of ALU 121 are the P4, Ps. Pe, and Py bits of the product 1 10, respectively. The So, S,, ^ S2. and 
"S3"outputsofALU122aretheP8,p9,PioandPnbitsoftheproductl10.respectively.The So, S,. S^. 35 

-and "S3" outputs of ALU 123 are the P„, P,3, P,4, and P,s respectively, bitsof the product 110. 

As stated above, the multiplier multiplexor section implements Booth's Algorith. This algorithm is based 
on a property of a binary number to be represented as a difference of two numbers of special form. Assume 
that multiplier 108 is given in the form: 

40 

40 n-l 

Y = ^) ^ y^Z*- = Yn_iYn_2--:-">^1^0 ^ represented 

45 



i*=0 n-l n-l 

45 



as the difference Y 



50 where ur =|yi - Yi-i.|if Vi - yi-,<0, and 
0 otherwise; and V| Hvi - Yi-iFyj " Y^-i ^ 



50 



and 0 otherwise. ^ w i ^ ko ctat*»d as- Y = 1000000000 - OOOOOOOIOO.Thus a string of 
i«!*v — miiilllOO, then Y can also be statea as . t i uuw ^ 

The multiplicand X in the example above, must be ^9^":^^°'^^^^^^^^ the Booth's algorithm to 

subtracted for every 1 in V. However, additions -^^"^^Sg lib e S m^^^^^^ easHy obtained, 
three consecutive binary positions Y,_, and Y,+i. The toiiowing 
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TABLE II 



Yi_i 


Yi 




OPERATION 


5 " 


0 


0 


Add zero to partial product 


1 


0 


u 


Add multiplicand to partial product 


0 


1 


\j 


Add multiplicand to partial product 


10 

1 


1 


0 


Add 2 times multiplicand to partial product 


0 


0 


1 


Subtract 2 times multiplicand from partial product 


15 1 


0 


1 


Subtract multiplicand from partial product 


0 


1 


1 


Subtract multiplicand from partial product 


1 


1 


1 


Subtract zero from partial- product 



10 



15 



20 



25 



30 



35 



• ^ In Table II above are made possible With the implementation of the hard 

Thus, the operations described m Table " ^bove are ma p described above, 

wiring inter-connection ^^^^^j^'^'^ll'^^^'^^^^^^ shown in detail as a single unit in Figure 

Multiplier multiplexor's 101. 102 and IM des^^^^^^^ ^ „ .,Y-1," "YO' and a 

2« 2. Figure 2 shows IVIM 101 to have inputs Xo ^^^^f^'Lil^^ above. The eight outputs are 

"YI/'aswellasthe'T'Mnputforaetermini^^^^^^^^ 

labeled Po through Pa- This multiplier *;P'«^°J^^'^"^^^^^ the d^cuitry interconnections with a break away 
the plurality of inputs in parallel and as such Figure 2 ^^ows ^^e ci y ^^^^^^^ 

portion of that part of the circuitry directly '^^^^^^^f,!" ^^^^^^^^^ "Xo" through "X/' is an inverter 

30 the output bits P. through Ps- Connected « each of the input X ° ^^^^ non-inverted output. As 

driver having an inverted input and an mverted °"jP;!.J^J^f; g'^^^'^ected to the inverted input of driver 201 , 

gates 214. 215 are connected to the driver 203, N AND |«*;^ 2;6;^^^^^ ,es 210 through 219 has an 
KlAND gates 21 8, 219 are connected to the driver 205 f ,he drivers 201 , 202. 203, 

inverted and a non-inverted <complementan^) output. jh^^^^^^ ^^^^ ^^^^^ 211, 213. 45 

45 204. and 205 are each connected to an '"^^J^^i^' "J^;^^^ 201 , 203, 204, and 205 are each 

215, 217 and 219, respectively. The "O"-'"^®"^,?^ °" J"fj°^^^^^^^^^ 214. 216 and 218 respectively. The 

connected to an inverted input of their ^^^P^^^^.^^^^ ^f each of the gates 210. 212, 214, 

inverted output from the driver 206 IS connected to a se«^^^^^^^ 
216.and218.whilethenon-invertedoutputfromthedriver20biscon 

50 gates211.213.215.217and219. ,25 226 and 227 are connected in parallel to the 

^ Seven inverted input NAND gates 221, 222, 22?' 224. 225, 226 a^^^^^ connected to a first inverted 

output of the drivers 207. 208, and 209 The """"'"^J.;'"^^^^ connected to a first inverted 

input to the gates 221 , 222, and 22 J The mverted output^f dr^^^^^^^^ ^^j^er 208 is connected to a 
inputtothegates224,225 226and227^ThenonH^^^^^^ 55 

55 second inverted input to the gates 22 .224 and 22^' 226 and 227. The non-inverting output from the 
connected to a second inverting input on *f 222, zz^^^^^^^ ^^.^^ inverting output from 

driver 209 is connected to a third '"verting nput on the S^^" 2^^'/ 223, 225, and 227. 
the driver 209 is connected to a third .nvertrng mput on the gates 22^^^ ^ 
Connected to the output from NAND gates 21 0 through 219 ^A^^ 9 ^, ^.^^ having their 60 

60 plurality of three inverted input NA^D gates connected m pa^^^^^^^ P 

^ Outputs connected in common, these 9/,tf^^e.n9 "u^^^^^^ to a first inverted Input to the 

33 
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the gate 232, while the non-inverting output from the gate 21 2 is connected to a first inverting input to the 
gate 234 and a first inverting input of the gate 237. The non-inverting output from the gate 213 is connected 
to a first inverting input of the gate 234 and a first inverting input of the gate 237. 
The inverting output from the gates 214 and 215 are connected in common and to a first inverting input of 
5 the gate 238 as well as to an additional gate out of Figure 2. The non-inverting output from the gate 214 is 5 
connected to a first inverting input of the gate 239 as well as to an additional gate out of the figure. The 
non-inverting output from the gate 21 5 is connected to a second inverting input of the gate 239 as well as to 
an additional gateout of the figure. 
The inverting output from the gates 216 and 217 are connected in common to a first inverting input of the 
1 0 gate 243 as well as a first inverting input of the gate 246. The non-inverting output from the gate 216 is 10 
connected to a first inverting input of the gate 244 and a first inverting input of the gate 247. The 
non-inverting output from the gate 217 is connected to a second inverting input of the gate 244 and a second 
inverting input of the gate 247. 
Gates 218 and 219 have their inverting inputs tied in together and to a first inverting input of the gate 248 
1 5 and a first inverting input of each of the gates 251 and 253. The non-inverting output from the gate 218 is 15 
connected to a first inverting input of the gate 249 and a first inverting input of each of the gates 252 and 254. 
The non-inverting output from the gate 219 is connected to a first inverting input of the gate 249 as well as a 
second inverting input of each of the gates 249 and 252 and a second inverting input of the gates 254. 
The inverting output from the gate 221 is connected to a third inverting input of the gate 232, as well as to 
20 each of a third inverting Inputof the gate 237, an inverting input of the gate 242, an inverting input of the gate 20 
247, and an inverting input of the gate 252, as well as, an inverting input of corresponding gates out of the 
figure. 

The inverting output frohi the gates 222 and 224 is connected together and to a second inverting input of 
each of the gates 233, 238, 243, 248, as well as gate 253 and corresponding gates out of the figure. 

25 The inverting output from the gates 223 and 225 are connected in common to a third inverting input of 25 
each of the gates 234, 237, 244, 249 and 254, as well as corresponding gates out of figure. The inverting 
output from the gate 226 is connected to a second inverting input of each of the gates 231, 236, 241, 246 and 
251, as well as corresponding gates out of the figure. The inverting output from the gate 227 is tied to an 
inverting input of each of the gates 235, 240, 245, 250 and 255, as well as corresponding gates out of the 

30 figure. 

The gates 231, 232, 233, 234, and 235 have their inverting outputs connected in common and to an 
inverting input of a driver 261 . The inverting output from each of the gates 236, 237, 238, 239 and 240 are 
connected in common to an inverting input of a driver 262. The inverting output from each of the gates 241, 
242, 243, 244 and 245 are connected in common to an inverting input of a driver 263; while the inverting 

35 output from each of the gates 246, 247, 248, 249 and 250 are connected in common and to an inverting input 35 
of a driver 264; and the inverting outputs from each of the gates 251, 252, 253, 254, and 255 are tied together 
and to an inverting input of a driver 265. The drivers 261 , 262, 263, 264, and 265 each have inverting outputs 
and have corresponding counter parts for the circuitry out of the figure. The inverting output from the driver 
261 forms the most significant bit po out of the multiplier multiplexor circuit; while the inverting output from 

40 the driver 262 is the output bit P2; the inverting output from the driver 263 forms the output bit pe; the 40 
inverting output from the driver 264 forms the output bit p?; and the inverting output from the driver 265 
forms the output bit ps. Output bits P2, Ps. P4/and p5 they are accounted for from similar circuitry out of the 
figure. 

The column compressors 1 1 1 through 1 1 8 of Figure 1 are each identically constructed as shown in detail in 
45 Figures 3A, and 3B. CC 1 1 1 through 1 1 8 operate in parallel to perform a manipulation similar to the following 45 
explanation which includes an illustration in Table III. 

The avoidance of excessive carry-propagation time is implemented by column compression where carries 
are not allowed to propagate until the very last moment. Assuming that the sum of 6 numbers is to be 
calculated. This partial product array may, as an illustration, be represented by the array in Section "a" of the 
50 Table HI. 50 
Multiple addition as implemented by column compression is achieved by summing independently along 
each column, i.e. counting the number of Vs in column. Since each column's sum is up to 7, the binary result 
is contained in three bits as shown in Section "b" of the Table III. As an example, the third least significant 
bit's column contains six 1's. These 1's are added up and expressed in binary form, on a diagonal line 
55 beginning from the bottom upwardly to the right, ending directly under the third most significant column of 55 
Section "a." Here a binary "1 10" is written equaling 6. Similarly the number of ones in each of the other 
columns is added and written binarily on a diagonal. A second reduced "array" is written in Section "b" of 
the Table III as a three-row array. 
This operation is performed again and again until the array is reduced to only two rows which can be 
60 operated upon by a simple adder component. With the illustration of Table III the very next reduction 60 
produces a two-row array. Section "c." A simple addition provides the output. Section "d." 
{112+143+60-H98+255+100+30=898) 
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TABLE in 



10 



"b" 



15 



"c" 



0 0 
0 1 1 



20 "d" 0 



2' 


26 


2^ 


2^ 


2^ 


2^ 


2^ 


20 


0 


1 


1 


1 


0 


0 


0 


0 


1 


0 


0 


0 


1 


1 


1 


1 


n 


0 


1 


1 


1 


1 


0 


0 


1 
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115 116, 117, and 118 is shown in F'9"'-es 3A and SB as repres^^^^^ pfgures SA and 3B. comprise a portion 

25 iomp feasors, CC 1 1 1 . A plurality of inverting ^^^P.^^Xre^^oStT'^ !' '^^^^^^^^ "D^-" "D,." "D^." "Ds," "De" 

''ScClllandareconnec^^^^^^ 

"Co," "Cv" 'W "C3." "C4/' "Cs. and Ce of the CC 1 1 1 " Column compressor 1 1 1 input Ds 

inv;rting output and a °" ^^^^^^ to the input of the driver 302; 

is connected to the input of the ^/'^^r ^O Vg^Ja ' 1 f'D." is connected to the input of driver 304; the 30 

30 the "D3" input is tied to the input °f ^^^^.^r ' Jj^^^ is connected to the input of driver306: the 

"D," input is connected to the input of dr ver 305, the Uo P ^^5^^^ 308; the "C4" 

"D " input is connected to the input of driver 307. the Cs '"P^^'^^^^^ ^,,^3, 310; the "C." input is tied to 
inpltistiedtotheinputofd^^^^^^ 

The Invenlns output of driver 301 " '""„^„|„. ;„,pu, from the driver 301 ie conheeted to 

322 as well as the gates 324 and 326. The "P"''"^^^^; °"'Pf .gch of the gates 323 and 325. 
fnverting Input of another gate 320 and an '"P"* °* ^^Jj °" the gate 320 and an inverting 

TheTnlert'ed output from driver 303 connected to an .nve-t.ng ^^^^^^^^ ^9 ^ non-inverted output 

respectively in an identical configuration as drivers 301 302 an ^^^^ ^^^3 ^„ ^.^^ ^^^^ 

322 323, 324. 325 and 326 as d«cnbed above, the dr vers 304^^^^ same type. 

50 same type, and the gates 320 through 326 and 330 1^^^^^^^ 336an ^ g ^^.^^ interconnections with respect 

Referring to Figure the drn/ers 308, 309 an^ 3^,^ 3^2. and 303 and the gates 320 

additional gates 350, 351 . 352, 353. 354 355 and 356 ^^^^^ 350 through 356, a 

55 Aswiththeinitialbankofgates320through326 330^^^^^ 

second bank of like gates is utilized to Pflp/"',^^^^^"^ 3^^^^ 371 ,372, 373. 374 and 375. The non-inverted 
are the gates 360. 361. 362. 363, 364, 365, 366. 367, 368 369. 370. 3^^^^^^^ .^^^^^^ output from 

rutputfromthegate320isconnectedtoan.nvert.ng m^^^^^^ and to the inverted output 

the gate 320 is connected In common with '"^.^^^^^^^^ an inverting input to the gate 362. The 

60fromthegate322aswe.lastoan.nv^^^^^^^ 

The gates 360 and 361 also each have an add.^^^^^^^ 
65*'^i7g^Tes3«3^^^ 
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input of each of the gates 364, 365 and 367. While, the non-inverted output f^-" ^^^^fj^^f-^,^^^^^^^^ 
an inverting input of each of the gates 363 and 366. The °" P^^L 3..^ 

to another inverting input of the gate 363 and another inverting input to the gate 366. The non invertea 
^itput from t^^^^^^ is connected to another input to the gate 363 as well as another '"vertrng input to 

5 S.e gate seTThe non-inverted output from the gate 326 is connected to another inverting input of the gate 5 
363 and another inverting input to the gate 366. onH rnnnprted to 

The gates 333, 334, 335 and 336 each have the inverted output connected m f *° 
another inverting Inputto the gates 363 and 366, and to another inverting input of the gate 364. The 
Z-inverted output from the gates 333, 334, 335 and 336 are each connected to a different inverted input of 

'° *^Drivef307 has its inverted output connected to an inverting input on each of the gates 363. and 365 as well 
as w an inverting input on another gate 380. The non-inverted output t^.e d"v^^^^^^^^^^ connected to 
another inverting input of the gate 364 as well as an inverting input to another gate 381 . 
Gate 380 has another of Its inverting inputs connected to the non-inverted output from the gate 366 and a 

15thi??invertinginprconne 

g JJesSlls connected to the inverted output from both gates 366 and 367 which have been connected 

^TgHre 3B shows an identical circuit interconnection forthe gates 340,341, 342, 343, 344. 345, 346, 350 351 
352 353 354 3^!and 356 and the gates 368. 369, 370, 371 , 372, 373, 374, and 375, respectively as described 

20 abov?i?:conSo^^^^^^ '° 
382 and 3^ shown in Figure 38 correspond to the gates 380 and 381. Figure 3A. described above ^ 
foeSlh/Se gate 382 has a first inverting input connected to the non-inverted outpu of the gate 374, a 

connected to he ^Jerted output of the driver 314 which is also connected to an inverting inpu of both the 
25 aS?3andthega^r371.Gate383hasaninvertinginputconnectedtot^^ 25 
aSinverteSo?tputofthegate375.Asec^ , 
Snterted output of the driver 31 4 which is also connected to an inverting '?P""° S^^gJ. „ _ 

The nates 380 381, 382. and 383 continue the compression process and are joined by gates 384, 385, 38^^ 
387^388 Ind 389 and drivers 390 and 391. The gate 380 has an inverting input connected to the non-inverted 

30 o^ulp^of^^gfte^lo^ '° 
inverted output of the gate 362, as well as. an inverting input of the gate f 6; ^84 has a tni^^^^ 
nput connected to an inverting input of the gate 385 and the inverted output of the Sates 363, 364 and 365 
which are connected in common. The gate 385 has a second inverting '"P"» j«^;°J^^^^^^^ 
output of the gate 361 , while a third inverting input is 35 

■SK n^tL -iRfi ha^ an invertina inout connected to the inverted output of the gates 361 and 3BcJ wnicn are 

An inverted ?utpS he driver 390 and an inverted output from the gate ^/""^^^^^^ 
to^?ovrde?he "S.O" output for the CC 1 1 1 circuit. The inverted °"^P" V„T4^' ^^^^^^^ 
oufput from the gate 3«3 are^^^^^^^^^^^ in 
comtoTTrno"!;";^^^^^^ rs"co"nn%cted to a second inverting input of the gate 

SS^aTan inverting m^^^^^^^ gate 396. The inverted output from the driver 391 is conne^ed in 

Smr^on to thJ Srted output of the gate 337. and to an inverting input of another Qate 392. another 
inv^Snputto the gate 39? and an inverted inputto the 9«te397. The non-mverted output fr^^ gate 
50 387!?s connected to an inverting input to the gate 393 '^t^uVXhe g^^^^^^^^ inverting 

inp^^*:frtSiS^^^^ 

inverting inpuJof another gate 406. Gate 380 and gate 381 have their inverted ^^^^"^ l^J'^^'^^'l^'''^' 
Lnri to an invertinc inout of another gate 402 as well as an inverting input of another gate 404 and an 
fnverSng inpSlnSr grio7. ?he non-inverted output from the gate 380 is tied to another mverting 

'"'Traa*fe?388 an°d 3%"9^^";rth%iVTnSS^^^^ common in addition to being conne^ed to 

an^n^ert ng fnput of the gar4S^^^^ inverting input of the gate 403 and --ot^-^IZ^'^ ZV^ 

n^tranfi Gate 388 has its non-inverted output connected to another inverting mput of the gate 404 and 
a?otrinvertinflnput of^gate 407. Gate 389 has its non-Inverting output connected to another inverted 

65 input ofthe gate 404 and another inverting Input of the gate 407. 
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Column compressor 1 1 1 has its "S.e'; input connected to another inverting^^ gate 403 and 

another inverting input of the gate 404 as well as an inverting input of another gate 408. ^„ ^„ 

latches between P^o^^^ssing elements are needed. apparatus, and many different embodiments 

illustrative and shall not be taken in the hmitmg sense. 

CLAIMS 30 
30 , 

.rray, .hroughparalW op.r..lr9 circuity m^^^^^^ 

""""^h" d-"o>ii. of Claim 2 v*erein said compreasing maana Includes a column c=mp,asaor connacttd ,o 
Jou.pu,o.saidmu,«piica,ionmul,^^^^^^^^^^^ . 

r£SSH=S~rnfe^^ 

°'7°fh^1S?l claim e Wherein said plurality of column compraaeora each parforma a paralM 

4c E^.^-s.rrerr;a'ai'd"?:Xo/^^^^^^ 
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illustrate'd in, the accompanying diagrammatic drawings. 

13. Any features of novelty, taken singly or in combination, of the binary multiplication circuit 
hereinbefore described with reference to the accompanying diagrammatic drawings. 
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